Surgical management of refractory supraventricular tachycardia in infants and children  by Ott, David A. et al.
124 JACC Vol. 5, No. 1
January 1985:124-9
Surgical Management of Refractory Supraventricular Tachycardia in
Infants and Children
DAVID A. OTT, MD, FACC, PAUL C. GILLETTE, MD, FACC, ARTHUR (lARSON, JR., MD, FACC,
DENTON A. COOLEY, MD, FACC, GEORGE J. REUL, MD, FACC,
DAN G. McNAMARA, MD, FACC
Houston, Texas
Sixty-seven children underwent attempted surgical cor-
rection of refractory supraventricular arrhythmias using
a combination of intraoperative electrophysiologicmap-
ping followed by surgical division or cryoablation of an
aberrant conduction pathway or atrial ectopic focus. The
patients ranged in age from 4 months to 18 years (mean
11.4 years).
Fifty-fivepatients (82%) had an abnormal conduction
pathway crossing the atrioventricular junction (Kent
bundle). Thirty-six (65%) of these 55 patients had classic
Wolff-Parkinson-White syndrome with a delta wave of
pre-excitation on the surface electrocardiogram. Nine-
teen (35%), however, demonstrated only retrograde
conduction across the Kent bundle and had a normal
surface electrocardiogram when tachycardia was not
present. Kent bundles were isolated to the following lo-
cations: right anterior or lateral in 19 (34.5%), left pos-
terior or lateral in 22 (40%), posteroseptal in 10 (18%),
anteroseptal in 2 (4%) and both right and left in 2 (4%).
Follow-up evaluation of as long as 8 years (mean 34.9
The surgical treatment of supraventricular tachycardia que
to the presence of an accessory conduction bundle (Kent)
has been adequately described in adults and its efficacy
accepted (1-3). The diagnostic evaluation and surgical man-
agement of these pre-excitation syndromes in children as
well as those due to an atrial ectopic focus have only recently
been documented (4-6). We have described the electro-
physiologic evaluation and medical management of supra-
ventricular and ventricular tachycardias in infants and chil-
dren, and since 1976 we have applied these principles to
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months) has shown seven immediate failures and one
late recurrence of arrhythmia (14.5%). Recent refine-
ments in technique and the use of cryoablation for septal
aberrant pathways have improved these results. There
have been two failures (8%) in the last 25 attempts.
Twelve patients underwent surgery for an atrial ectopic
focus by the following techniques: cryoablation in seven
patients, excision in one patient and both excision and
cryoablation in four patients. At a mean follow-up "f
16.6 months, there was one late recurrence in the group
with an atrial ectopic focus.
Children with refractory supraventricular tachycar-
dia, even in the absence of pre-excitation on the elec-
trocardiogram should undergo complete electrophysio-
logic study to elucidate the mechanism of tachycardia.
Surgery for supraventricular tachycardia can be per-
formed safely in infants and children and offers pre-
dictable results and the opportunity to cure the tachy-
cardia syndrome.
(J Am Coli Cardiol 1985;5:124-9)
the surgical resolution of the tachycardia in a series of 67
patients (7-20). This report documents the evaluation, re-
sults and current approach to the surgical treatment of supra-
ventricular tachycardia in children.
Methods
Patients. From March 1976 to September 1983, 67 chil-
dren were referred for surgery for incapacitating, refractory
or life-threatening supraventricular tachycardia after com-
plete electrophysiologic evaluation including intracardiac
catheterization. After this evaluation, operative ablation of
the accessory conduction bundle was attempted, using either
surgical division, cryoablation or a combination of both
techniques with or without the use of temporary total car-
diopulmonary bypass. Fifty percent of the patients were
operated on in the most recent 2 years of the study (Sep-
tember 1981 to September 1983).
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Table 1. Congenital Cardiac Defects Associated With
Supraventricular Tachyarrhythmias
Surgical Management
Intraoperative mapping. Patients considered to be can-
didates for surgical ablation were operated on through a
median sternotomy incision. Care was taken to maintain
normothermic conditions during electrophysiologic mapping
because we have found that arrhythmias in children are
The study was limited to patients J8 years of age or
younger (mean JJ) at the time of surgery. The diagnosis of
abnormal tachycardia was made in utero in the youngest
patient, who required surgical treatment at 4 months of age.
All patients had refractory, incessant or recurrent tachycar-
dia, and three children (all with Wolff-Parkinson-White syn-
drome) had had documented episodes of ventricular fibril-
lation from which they were successfully resuscitated before
evaluation. Various associated congenital cardiac defects
were noted (Table 1) (21).
The patients were managed medically initially unless their
arrhythmia wds considered life-threatening. The latter group
included those patients with a documented history of car-
diovascular collapse or ventricular fibrillation, as well as
those who had an anterograde effective refractory period of
the Kent bundle of less than 230 ms (22). This group of
patients at high risk of sudden death was referred for surgical
treatment initially whether or not the arrhythmia was
incapacitating.
Medical attempts to control the tachycardia consisted of
administration of the usual medications for supraventricular
tachycardia, including digitalis, propranolol, quinidine and
verapamil. Amiodarone was used in two cases without suc-
cess. Failure of drug treatment was considered an indication
for surgical intervention. In the later period of the study,
confidence in the success and predictability of surgical man-
agement resulted in more frequent consideration of the sur-
gical approach as the initial method of management in pa-
tients with refractory arrhythmias.
Electrophysiologic evaluation. All patients in whom
the diagnosis of refractory tachycardia was made or strongly
suspected underwent complete electrophysiologic, hemo-
dynamic and angiographic evaluation. The methods for elec-
trophysiologic investigation of supraventricular tachycardia
have been detailed elsewhere (8,9,16,17).
especially sensitive to body temperature changes. Chrono-
tropic anesthetic agents were avoided for similar reasons.
Wires for ventricular pacing were placed on the right ven-
tricular wall, and a removable clip-on lead was used to
establish atrial pacing or to act as a bipolar atrial reference
electrogram (3-5). Various types of sensing probes were
used in searching for the point of earliest retrograde con-
duction to the atrium during ventricular pacing or sustained
supraventricular tachycardia using a simplified map of the
epicardial surface of the heart. In patients with anterograde
conduction across the accessory bundle, the earliest point
of activation on the ventricular side of the anulus was mapped
as needed. In patients with atrial ectopic tachycardia, map-
ping was done to localize the point of earliest activation in
a similar fashion.
,
Methods for division or cryoablation of accessory
pathways. The surgical approach to left-sided accessory
connections was similar to that previously described by Sealy
and Gallagher (23). The left atrium was opened as for a
mitral valve procedure from the right lateral approach during
a period of induced cold cardioplegic arrest. A suture was
placed through the atrial wall above the coronary sinus from
the epicardial surface at the site of earliest activation. With
this point as the center, a wide endocardial incision was
made just above the mitral valve anulus, dissecting deeply
and caudally until ventricular myocardium was clearly ex-
posed, but without breaking the epicardial surface (Fig. I).
In two patients operated on for recurrence of a left-sided
connection after this technique, we added an epicardial in-
Figure 1. Surgeon's view of endocardial dissection for division
of a left-sided Kent bundle. The posterior mitral leaflet and chordae
are elevated by the clamp.
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cision beginning at the left atrial appendage and extending
to the inferior vena cava immediately above the coronary
sinus (Fig. 2). This incision was carried deep behind the
coronary sinus by retracting it and the left circumflex coro-
nary artery toward the apex of the heart. We now routinely
make both an endocardial and epicardial dissection at the
initial procedure in an effort to preclude recurrence. Cryoab-
lation was not used on left-sided accessory pathways for
fear of injury to the circumflex artery.
Right-sided and septal accessory pathways were ap-
proached through a right atriotomy incision with the heart
beating. After closure of a septal defect or patent foramen
ovale, endocardial mapping was performed to confirm the
epicardial map and localize the His bundle spike. Anterior
and lateral accessory bundles were divided using a deep
endocardial incision extending to the epicardial surface of
the heart near the right coronary artery. Localization of the
Kent bundle was more difficult in patients with Ebstein's
anomaly because of the difficulty in determining the exact
juncture between the atrium and ventricle and we found the
cryoprobe to be especially useful in these cases.
Septal bundles were approached in one of two ways.
Direct dissection of the trigone has been described (24) and
was used initially in our series. However, we found it to
be tedious and somewhat unpredictable and have preferred
to use cryoablation for both anterior and posterior septal
accessory connections. The site of earliest retrograde acti-
vation inside the right atrium was mapped and then cryoab-
lation performed at this site (Fig. 3 and 4). We created an
inadvertent complete atrioventricular (AV) block requiring
pacemaker implantation in one patient, and now use a smaller
and more precise cryoprobe head. The temperature of the
cryoprobe was first lowered to O°C at the intended position
Figure 2. Full thickness epicardial incision for division of a dif-
ficult or recurrent left posterior Kent bundle. A full thickness
dissection often is not necessary, and epicardial dissection may be
combined with one from the endocardial surface.
Figure 3. Endocardial mapping for intraoperative localization of
septal Kent bundles. The atrioventricular node is at C2-D2 locus.
A posterior septal Kent bundle is usually located at C3 or C4.
on the endocardial surface. If AV block did not occur, the
probe head temperature was then lowered to - 70°C for 90
seconds at this area. After rewarming, no gross evidence
of the initial lesion remained, but a fibrous scar devoid of
myocardium was formed.
Figure 4. Surgeon's view of a crater (arrows) created by a cry-
oprobe at the site of a posterior septal Kent bundle. The crater
disappears as the tissue thaws. The tricuspid valve is not visible
in the picture, but is immediately above the crater.
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Methods for resection or ablation of atrial ectopic
foci. Atrial ectopic foci were approached with a progressive
sequence of maneuvers after appropriate mapping (8). Ex-
cision of the right or left atrial appendage was performed
first without cardiopulmonary bypass if the focus was thought
to be so located. If this failed or the lesion was located on
the free wall of the atrium, we created a series of cryoprobe
lesions at the suspected epicardial site without placing the
patient on cardiopulmonary bypass. For left-sided foci, car-
diopulmonary bypass was often required at this point to
obtain adequate exposure. If epicardial application of the
cryoprobe failed to ablate the focus, the patient was placed
on cardiopulmonary bypass and cardioplegic cardiac arrest
was induced and the atrium opened. We found that endo-
cardial cryoablation of left atrial ectopic foci was often more
successful than the epicardial approach. This was possibly
due in part to decompression of the heart during cardio-
pulmonary bypass and cardioplegic arrest, which eliminated
the warming effect of the blood-filled atrium. A final attempt
at elimination of the focus was disconnection and recon-
nection of the suspected portion of the atrial wall.
Repeat intraoperative epicardial mapping. After the
appropriate attempt at ablation of the atrial ectopic focus or
accessory conduction pathway, epicardial mapping was per-
formed again to check for elimination of the delta wave.
The absence of retrograde conduction during ventricular
pacing confirmed the success of the operation in those pa-
tients who had only retrograde bypass tract conduction pre-
operatively. Failure to eliminate retrograde conduction,
however, was not pathognomonic offailure since some nor-
mal AV nodes can conduct in a retrograde fashion. Finally,
the ability to induce the Wenckebach phenomenon was proof
of successful ablation of the accessory connection because
patients with an accessory connection will not demonstrate
Wenckebach conduction.
Results
Accessory pathways (Kent bundle). Of the 55 patients
who underwent surgical division or cryoablation of an ac-
cessory conduction bundle (Kent), 36 (65%) had classic
Wolff-Parkinson-White syndrome had a delta wave on the
surface electrocardiogram; 19 (35%) had only retrograde
conduction across the accessory bundle and, thus, had a
normal surface electrocardiogram during sinus rhythm.
The results of surgical management of these patients are
summarized in Table 2 where they are categorized accord-
ing to location of the accessory connection. Left posterior
or posterolateral Kent bundles were the most common in
this series, occurring in 22 patients (40%). The right an-
terolateral location was the second most frequent location
(19 patients, 34.5%), with septal bundles occurring much
less frequently. One patient died (a 9 year old child with
Table 2. Location of Accessory Conduction Pathway (Kent
bundle) and Rate of Recurrence of Tachycardia After Surgery
Location of
Recurrence
Accessory Pathway No. % No. %
Right anterior or lateral 19 34.5 3 16
Left posterior or lateral 22 40.0 3 14
Posterior septal 10 18 I 10
Anterior septal 2 4 0 0
Both right and left 2 4 I 50
Total 55 8 14.5
multiple ventricular septal defects who had a perioperative
stroke).
The recurrence rate at 34.9 months mean follow-up (10
to 16%) was relatively constant for patients operated on
early in the series and was similar for each location. How-
ever, increasing experience and evolution of the electro-
physiologic mapping and surgical techniques resulted in a
higher success rate in the later period of the study. In the
25 patients most recently operated on, the recurrence rate
was only 8% (two patients), and we believe the prospect
for further improvement is good. Most failures or recur-
rences are immediate and we have not seen one later than
2 months after the initial procedure. The use of the cryo-
probe for accessory bundle ablation in the septal locations
has also simplified the surgical approach, and we have not
had a recurrence of a septal pathway conduction since the
advent of the cryoablation technique (Table 3).
Atrial ectopic foci. Twelve patients were operated on
for atrial ectopic tachycardia using the technique described
(Table 4). In five patients, the focus was located in the left
atrial wall, most commonly near the oblique vein of Mar-
shall. Seven foci were in the right atrium. Simple excision
of the right atrial appendage was successful in one patient,
and cryoablation was successful in six patients with a left
atrial focus and one with a right atrial focus. A combination
of excision and cryoablation was used in four patients with
a focus on the right atrial wall near the atrial appendage.
Cardiopulmonary bypass was required in four patients with
Table 3. Results of Cryoablation Surgery for Both Accessory
Septal Pathways and Ectopic Foci
No. Recurrence
Accessory conduction pathways
Right anterior or lateral 2 0
Posterior septal 4 0
Anterior septal I 0
Total 7 0
Atrial ectopic foci
Right atrial 7 I
Left atrial 4 0
Total II I
128 orr ar AL.
SURGERY FOR REFRACTORY SUPRAVENTRICULAR TACIIYCARDIA
JACC Vol. 5. No. I
January 1985:124-9
Discussion
Table 4. Surgical Methods and Results in Patients With Atrial
Ectopic Tachycardia
atrial ectopic tachycardia, three of whom had a left atrial
focus. Immediate surgical ablation was achieved in II pa-
tients (92%) with no late recurren ces . In one patient, tachy-
cardia did not occur spontaneously and could not be induced
in the operating room ; therefore, cryoablation of the sus-
pected site previously delineated during catheter electro-
physiologic study was attempted , with early recurrence of
the tachycardia .
A considerable amount of experimental and clinical data
has been published regarding the electrophysiologic diag-
nostic evaluation' of supraventricular tachycardia due to ac-
cessory conduction pathways in adults . Since the pioneering
work of Sealy and Gallagher (23,24), the surgical treatm ent
of these syndromes has become relatively routine in insti-
tutions actively involved in electrophysiologic mapping. Until
now, however, experience in the diagnosis , medical eval-
uation and management and surgical ablation of these tachy-
cardias in infants and children has been relatively limited .
In add ition , successful surgical ablation of atrial ectopic
tachycardia has rarel y been reported (5).
Division or cryoablation of accessory pathways. We
have encountered a large number of infants and children
who were either incapacitated by tachycardia or thought to
have life-threatening forms of tachycardia. Children with
supraventricular tachycardia usually require treatment be-
cause of the severity of the episodes or the chronic nature
of the tachycardia which can cause cardiomyopathy . How-
ever, the administration of medication to children is incon-
venient and the possible side effects of long-term treatment
are undocumented in these patients . In addition, no drug
has been successful in the control of atrial ectopic tachycardia.
Therefore , in 1976 we began to treat surgically those
children whose tachycardia could not be controlled by an
adequate medical regimen or who were believed to have a
malignant form of arrhythmia. The results presented in this
study demonstrate the feasibility and clinical success of
electrophysiologic evalu ation and surgical treatment of
supraventricular tachycard ia due to a Kent bundle in children
and infants as young as 4 months of age . Achievement of
the goal of elimination of tachycardia depends on a team
approach requiring close cooperation between the cardiac
electrophysiologist and surgeon.
One-third of the patients in this series were found to have
only retrograde condu ction across the accessory bundle and
therefore demonstrated a normal 12 lead electrocardiogram
when they did not have tachycardia. Primary care physicians
and cardiologists need to be aware that absence of a delta
wave on the rest electrocardiogram does not preclude the
possibility of an acce ssory pathway. Therefore, only by a
high index of suspicion was the possibility of an acce ssory
conduction pathway considered and the appropriate diag-
nostic measures instigated . Thus , there may be a larger
number of children and adults who have supraventricular
tachycardia due to an accessory pathway (Kent bundle) , but
who do not have manife st Wolff-Parkinson-White syn-
drome . These patients can benefit from proper medi cal or
surgical therapy if they are properly evaluated with electro-
phys iologic studies (25,26). Increasing experience in map-
ping and the evolution of new surgical techniques, including
the use of cryoablation techniques for posterior septal Kent
bundle s, have resulted in a simplified and safe approach to
the electrophysiologic evaluation and surgical treatment of
tachycardias due to accessory pathways.
Resection or cryoablation of atrial ectopic focus. We
have also succeeded in accurately mapping and surgically
ablat ing foci causing atrial ectopic tachy cardia, a previ ously
incurabl e form of suprave ntricular tachycardia. Mapping of
these lesions is considerably more difficult because of the
two-dimensional nature of the map. Accessory conduction
pathways of the Kent bundle type may be simply localized
by isolating the site at which the pathway crosses the AV
groove and dividing or ablating the lesion at that level. In
contrast, atrial ectopic foci may be located anywhere on the
surface of either the right or the left atrium from where the
impulse may radiate in a variety of directions. In addition ,
tachycardias due to an atrial ectopic focus seem to be more
sensitive to temperature changes and anesthesia and are not
readily inducible in the operating room . Whereas pat ient s
with accessory conduction pathways do not have to be ex-
periencing tachycardia to undergo succe ssful mapping (since
conduction through the Kent bundle can usually be dem-
onstrated with atrial and ventricular pacing ), atrial ectopic
tachycard ias cannot be locali zed unless the patient has tachy-
cardia at the time of mapping. The electrophysiologic prop-
erties of atrial ectopic tachycardias are such that they cannot
be induced electrically or stimulated pharmacologically . Thus,
the one surgical failure in our patients with atrial ectopic
tachycard ia occurred in a patient who had no tachycardia
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in the operating room. However, with the extended appli-
cation of cryoablative techniques to the treatment of atrial
ectopic foci, we were able to successfully eliminate atrial
ectopic tachycardia in 11 of 12 patients using the sequence
of maneuvers described.
Conclusion. We have demonstrated the feasibility, pre-
dictability and safety of electrophysiologic mapping and
surgical treatment of supraventricular tachycardia in infants
and children. Cure of the tachycardia can be obtained in a
high percent of patients, including those with atrial ectopic
tachycardia, thus eliminating the need for the long-term and
often unsuccessful administration of medications. Children
with refractory, incapacitating or life-threatening supraven-
tricular tachycardia, even in the absence of pre-excitation
(delta wave) on the electrocardiogram, should undergo com-
plete electrophysiologic evaluation to elucidate the mech-
anism of the tachycardia.
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